The physiology of the long-furred woolly mouse opossum (Micoureus paraguayanus) conformed to that of other marsupials. Body temperature at thermoneutrality (all values reported as mean 6 SE) was 33.3uC 6 0.3uC and basal metabolic rate was 0.760 6 0.074 ml O 2 g 21 h 21 . Opossums were thermolabile at low ambient temperature (T a ) but still maintained a considerable differential between body temperature and T a , with an increase in metabolic heat production as T a decreased. This was accommodated by an increase in minute volume, mediated by an increase in both respiratory frequency and tidal volume at low T a . Basal respiratory frequency was 34.2 6 3.8 breaths/min and tidal volume was 1.62 6 0.28 ml; minute volume was 53 6 7 ml/min. Oxygen extraction remained constant at 13.6% 6 1.1%. Wet thermal conductance was high (0.338 6 0.091 ml O 2 g 21 h 21 uC 21 ; 185% of predicted) but conformed statistically to that of other marsupials. A positive relationship existed between ambient temperature and evaporative water loss; standard evaporative water loss was 2.03 6 0.21 mg H 2 O g 21 h 21 . The point of relative water economy was 11uC, the lowest yet measured for a marsupial. We found no evidence that this South American marsupial had an elevated metabolic physiology, as might be expected from its neotropical distribution and sympatry with placental mammals. Clearly, marsupials can survive alongside placental mammals without any specific physiological adaptation, although this ability may be restricted to species with generalized low-energy ecological niches.
from Australian species, its neotropical distribution, and its evolution in sympatry with placental mammals.
We examined the basic metabolic, ventilatory, and hygric physiology of the long-furred woolly mouse opossum (Micoureus paraguayanus) to evaluate whether physiological variables for this Neotropical species differ from those of other marsupials, or if, like the gracile mouse opossum, they are physiologically similar. We compare the woolly mouse opossum to current marsupial allometric relationships for each physiological variable, before and after correction for phylogenetic history. This study provides only the 2nd ventilation and water loss data for a South American marsupial, providing much-needed comparative information that will aid in interpreting the evolutionary and adaptive significance of marsupial physiology.
Woolly mouse opossums (Micoureus) are small-to medium-sized marsupials that are solitary and predominantly nocturnal. Micoureus demerarae, which occurs throughout South America, recently has been divided into a number of separate species with more localized distributions (Costa 2003; Patton and Costa 2003; Patton et al. 2000) . We examined M. paraguayanus, which ranges from eastern Paraguay to northern Argentina and eastern Brazil, from southern Bahia south into Rio Grande do Sul (Gardner 2007) . M. paraguayanus occupies diverse habitats, such as those characteristized by the cerrado biome and the mature and secondary Atlantic Rainforest biome (Gardner 2007; Voss and Jansa 2003) . M. paraguayanus is omnivorous, feeding on nectar, fruit, invertebrates, and small vertebrates and is predominantly arboreal but occasionally forages on the ground (Brito and da Fonseca 2006; Grelle 2003; Rodrigues et al. 2006; Vieira and Monteiro-Filho 2003) . Woolly mouse opossums become sexually mature at 6 months, can breed year-round, and produce up to 11 young per litter. They have a maximum life span of 2 years in the wild (Brito and da Fonseca 2006) .
MATERIALS AND METHODS
Eight adult, nonreproductive long-furred woolly mouse opossums were trapped at Reserva do Cerrado de Corumbatai, a 39-ha field station belonging to the State University of São Paulo, and in remnant vegetation within the surrounding farmland, in the municipality of Corumbatai, São Paulo State, Brazil (22u159S, 47u019W) . These fragments of native vegetation were surrounded by sugarcane plantations and consisted of shrubs and medium to tall trees with a relatively closed canopy, characteristic of the cerrado sensu stricto biome, with marked seasonal variation in temperature and rainfall (Cesar 1988) . Opossums were captured in Sherman traps (H. B. Sherman Traps, Inc., Tallahassee, Florida) baited with cat biscuits, cod-liver oil, peanut butter, and rolled oats. They were returned to Universidade Estadual Paulista, Rio Claro, and housed in individual wooden cages in an animal room maintained at approximately 23uC with a 12L:12D light cycle. Opossums were provided with ad libitum food (canned cat food, dry cat biscuits, mango, pawpaw, and banana) and water. Experiments commenced within a week of capture over the period December 2006 -February 2007 , were approved by the University of São Paulo animal ethics committee, and followed ethical guidelines of the American Society of Mammalogists (Gannon et al. 2007) .
Oxygen consumption ( _ V V O 2 ), carbon dioxide production ( _ V V CO 2 ), evaporative water loss (EWL), and ventilatory variables were measured using standard flow-through respirometry and whole-body plethysmography at ambient temperatures (T a s) of 11.0uC, 20.4uC, 25.3uC, and 30.5uC. It was not possible to measure all variables at all T a s, so N 5 7 individuals at T a 5 11.0uC, 25.3uC, and 30.5uC and N 5 8 at T a 5 20.4uC for respirometry, and N 5 7 at T a 5 30.5uC, N 5 6 at T a 5 20.4uC and 25.3uC, and N 5 4 at T a 5 11uC for plethysmography. Opossums were fasted for 24 h before being measured for no less than 8 h at each T a . All measurements were carried out during the day (inactive phase) until all physiological variables had become stable and minimal. Body temperature (T b ) was measured at the conclusion of each experiment using a plastic-tipped thermocouple (connected to a RadioSpares 611.234 thermocouple meter, Radio Spares, New South Wales, Australia) inserted into the cloaca to a depth of ,2 cm.
The respirometry system consisted of a mass flow controller (GFC17; Aalborg, Orangeburg, New York, or V 1.1; Sable Systems, Las Vegas, Nevada) that regulated compressed air at flow rates of 500-1,000 ml/min (depending on T a ). Air then passed through a 360-ml metabolic chamber located in an Eletrolab 122FC temperature control cabinet (Eletrolab, São Paulo City, Brazil) before passing through a temperature and humidity probe (HMP 45A; Vaisala, Helsinki, Finland, or 100 RH/Dewpoint meter, Sable Systems). A 100-ml/min subsample of excurrent air was dried (using Drierite; W. A. Hammond Drierite Co. Ltd., Xenia, Ohio) to measure CO 2 and O 2 levels (Foxbox or CA-2A CO 2 analyzer and FC-1B O 2 analyzer; Sable Systems). Flowmeters were calibrated using a bubble flowmeter, O 2 analyzers were calibrated to room air (20.95% O 2 ), and CO 2 analyzers were calibrated using a massflow gas mixer (model GF3/MP; Cameron Instruments, Port Aransas, Texas) at concentrations of 0.5%, 1.0%, and 1.5% CO 2 in an N 2 /O 2 mix. The calibration of the relative humidity probes was confirmed using 2 points, 1% relative humidity (dried with Drierite) and 100% relative humidity (saturated; by breathing on the probe). The voltage outputs for O 2 , CO 2 , relative humidity, and T a were recorded every 10 s with a custom-written Visual Basic (VB version 6) data acquisition program (P. C. Withers, University of Western Australia, Perth, Australia).
The _ V V O 2 , _ V V CO 2 , and EWL values were calculated after Withers (2001) using a custom-written VB 6 data analysis program for the 20-min period during which each value was steady and minimal. We also standardized _ V V O 2 to a T b of 33uC to account for the T b effect on metabolic rate (MR) assuming a Q 10 of 2.5 (Guppy and Withers 1999) . Respiratory exchange ratio (RER) and evaporative quotient (EQ) were calculated as (Withers 1992) , and MR was converted to MHP using the oxycalorific coefficient at the measured RER for that experiment (Withers 1992) . Relative water economy (RWE) was calculated as MWP/EWL, where metabolic water production (MWP; ml g 21 h 21 ) was calculated from _ V V O 2 using the measured RER for that experiment (Withers 1992) . The CO 2 analyzer of 1 Foxbox was not functional, therefore the _ V V O 2 and EWL were calculated for 6 (of 29) experiments assuming an RER of 0.85 (Koteja 1996) . The mean RER for the other individuals at that T a was assumed when converting MR to J and calculating MWP for these 6 experiments.
Ventilatory data were measured using the metabolic chamber as a whole-body plethysmograph (Cooper and Withers 2004; Dawson et al. 2000; Larcombe 2002; Malan 1973; Withers 1977) . Pressure changes due to the warming and humidifying of inspired air were detected with a pressure transducer (custom-made with a MPX2010 sensor; Motorola, Schaumburg, Illinois, or PT-100B; Sable Systems). The analog voltage outputs of the pressure transducers were recorded every 15 ms for approximately 30 s using PicoScope and a Pico Technology ADC 11 data logger (Pico Technology, St. Neots, United Kingdom). Between 2 and 6 sets of ventilatory data were obtained for an individual opossum at each T a , so a single mean was calculated for each ventilatory variable for each opossum at each T a . The open-flow plethysmography data were analyzed as closed-system signals (Szewczak and Powell 2003) (Malan 1973 ) using a custom-written VB 6 data analysis program. V T and V I are presented at body temperature and pressure saturated. E O 2 was calculated using the _ V V O 2 at the time of ventilatory measurements from V I corrected to standard temperature and pressure dry.
All values are presented as mean 6 SE, where N 5 number of individuals and n 5 number of measurements. Effects of T a on physiological variables were examined by linear regression and analysis of variance with Student-Newman-Keuls post hoc tests (Zar 1999) . Comparisons of the long-furred woolly mouse opossum with existing marsupial T b , BMR, C wet , and EWL data were made with conventional and phylogenetically independent allometric relationships of log-transformed (except T b ) physiological variables using the data set of Withers et al. (2006) , with additional data from Bozinovic et al. (2004 Bozinovic et al. ( , 2005 , ), Cooper et al. (2005 , Larcombe (2004) , , Larcombe et al. ( , 2008 , Ribeiro and Bicudo (2007), McNab (2008a) , and Cooper (2009a, 2009b) . For species already in the data set, the means of existing and additional data were used. Ventilatory variables were compared to the data set used by , with additional data from Cooper and Cruz-Neto (2009), Larcombe et al. (2008) , and Withers and Cooper (2009a) . Conformity to these regressions was determined using the 95% prediction limits , and allometrically predicted values were calculated using the minimum variance unbiased estimate of Shonkwiler (2006, 2007) . Phylogenetically independent mass and physiological traits were determined using autocorrelation (Cheverud and Dow 1985; Rohlf 2001) , based on the marsupial section of the mammal phylogeny of Bininda-Emonds et al. (2007) . The significance of the effect of addition of further species to existing marsupial allometric relationships was determined by an F-test of the residual mean square of the original data set divided by the residual mean square of the expanded data set, with the total sum of squares for each adjusted to 1 . Statistical analyses were accomplished using statistiXL (V1.6; statisiXL, Nedlands, Western Australia, Australia) and custom-written VB 6 programs.
RESULTS
Body mass and body temperature.-Mean body mass of all long-furred woolly mouse opossums over all T a s was 68.8 6 6.1 g (N 5 8, n 5 28). We observed considerable variability in T b , with values measured at T a 5 11.0uC (28.2uC 6 1.6uC) being significantly lower than values measured at T a 5 30.5uC (33.3uC 6 0.3uC; Student-Newman-Keuls P 5 0.018). The minimum T b measured for an individual was 19.5uC (at T a 5 11.0uC) and the maximum was 34.3uC (at T a 5 30.5uC). The significant linear relationship between T b and T a s from 11.0uC to 30.5uC (R 2 5 0.31, F 1,26 5 11.48, P 5 0.002; Fig. 1 ) was described by the equation T b 5 0.25 (6 0.07) T a + 25.2 (6 1.7), indicating a thermolability of 0.25uC/uC.
We found a significant allometric relationship for T b of marsupials; T b (uC) 5 0.535 (6 0.130) log mass (g) + 33.8 (6 0.3) (R 2 5 0.20, F 1,69 5 16.94, P , 0.001). The mouse opossum conformed to this relationship, with a predicted T b of 34.8uC. After phylogenetic correction, there was no significant allometric relationship for T b (R 2 5 0.033, F 1,69 5 2.25, P 5 0.138).
Metabolic rate.-The _ V V O 2 , which ranged from 0.760 6 0.074 ml O 2 g 21 h 21 at T a 5 30.5uC to 1.882 6 0.210 ml O 2 g 21 h 21 at T a 5 11.0uC, was significantly influenced by T a (F 3,24 5 8.97, P , 0.001; Fig. 1 ). The linear regression relationship was _ V V O 2 5 20.055 (6 0.011) T a + 2.53 (6 0.24) (R 2 50.50, F 1,26 5 26.07, P , 0.001). _ V V O 2 at 30.5uC was significantly lower than at all other T a s (Student-Newman-Keuls P ƒ 0.026), and we consider this to be BMR. Standardizing A positive allometric relationship existed for BMR of marsupials; log BMR (ml O 2 /h) 5 0.741 (6 0.012) log mass (g) + 0.386 (6 0.032) (R 2 5 0.982, F 1,70 5 3,830.47, P , 0.001). The BMR of the mouse opossum (129.3 ml O 2 /h) conformed closely to this relationship, being 91.3% of predicted. The significant allometric relationship remained for phylogenetically independent mass and BMR (slope 5 0.72 6 0.02; R 2 5 0.955, F 1,70 5 1,495.50, P , 0.001); the mouse opossum also conformed to this phylogenetically independent relationship.
Thermal conductance.-At T a 5 30.5uC, C wet was 0.338 6 0.091 ml O 2 g 21 h 21 uC
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. This is higher than that predicted from the slope of the line relating _ V V O 2 and T a , both with and without standardization to T b 5 33uC. We observed a significant effect of T a on C wet but not C dry (F 3,23 5 3.94, P 5 0.022; F 3,23 5 2.26, P 5 0.110; Fig. 1 ) 5 0.575 (6 0.054) mass (g) + 1.333 (6 0.020) (R 2 5 0.932, F 1,58 5 790.40, P , 0.001). The C wet of the mouse opossum was 185% of predicted but fell just inside the upper prediction limit for the relationship. After autocorrelation, the significant allometric relationship for C wet of marsupials remained (slope 5 0.60 6 0.03; R 2 5 0.868, F 1,58 5 381.59, P , 0.001), and the mouse opossum also conformed to this relationship.
Respiratory ventilation.-We observed a highly significant effect of T a on f R (F 3,19 5 20.66, P ,0.001), V T (F 3,19 5 3.65, P 5 0.031), and V I (F 3,19 5 12.09, P , 0.001) but not E O 2 (F 3,19 5 0.85, P 5 0.485; Fig. 2 ). For f R , the inverse linear relationship with T a was f R (breaths/min) 5 22.78 (6 0.35) T a + 119.27 (6 8.42) (R 2 5 0.751, F 1,21 5 63.42, P , 0.001). At T a 5 30.5uC, f R was 34.2 6 3.8 breaths/min, which was 79% of predicted for a marsupial by the significant (R 2 5 0.916, F 1,14 5 152.14, P , 0.001) negative linear relationship of log f R (breaths/min) 5 20.225 (6 0.018) log mass (g) + 2.040 (6 0.048). The mouse opossum conformed to this relationship both before and after correction for phylogenetic history. A significant positive linear allometric relationship was found for marsupial V T (R 2 5 0.988, F 1,14 5 1,158.15, P , 0.001); log V T (ml) 5 0.881 (6 0.026) log mass (g) 2 1.588 (6 0.068), to which the mouse opossum conformed, with a V T at T a 5 30.5uC of 1.62 6 0.28 ml (147% of predicted) both before and after phylogenetic correction. The V I for the mouse opossum of 53 6 7.31 ml/min at T a 5 30.5uC also conformed to the significant (R 2 5 0.969, F 1,14 5 440.35, P , 0.001) marsupial allometric relationship of log V I (ml/min) 5 0.647 (6 0.031) log mass (g) + 0.449 (6 0.081) both before and after correction for phylogenetic history, being 117% of predicted.
No significant allometric effect was found for marsupial E O 2 before (R 2 5 0.20, F 1,14 5 3.55, P 5 0.080) or after (R 2 5 0.105, F 1,14 5 1.61, P 5 0.225) phylogenetic analysis. However, the E O 2 for the mouse opossum of 13.6% 6 1.12% fell within the E O 2 range for marsupials (9.4-28%).
Evaporative water loss.-A significant positive relationship between EWL and T a (R 2 5 0.289, F 1,26 5 10.59, P 5 0.003; Fig. 1 ; Student-Newman-Keuls P 5 0.030). We consider the EWL at T a 5 30.5uC to be standard EWL. We found a significant positive linear allometric relationship (R 2 5 0.955, F 1,28 5 594.99, P , 0.001) for marsupial EWL; log EWL (mg H 2 O/h) 5 0.733 (6 0.030) log mass (g) + 0.797 (6 0.081). The EWL for the opossum was 93.9% of that predicted by this relationship and clearly conformed to the other marsupials. The opossum also conformed to the significant allometric relationship that remained after accounting for phylogenetic history (R 2 5 0.910, F 1,28 5 282.30, P , 0.001).
The EQ for the opossums varied significantly from 0.60 6 0.05 mg H 2 O/ml O 2 at T a 5 11.0uC to 2.76 6 0.30 mg H 2 O/ml O 2 at T a 5 30.5uC (F 3,23 5 14.19, P , 0.001). The relationship between RWE and T a was significant and linear (R 2 5 0.71, F 1,25 5 62.47, P , 0.001); RWE 5 20.041 (6 0.005) T a + 1.464 (6 0.117) (Fig. 3) . The Point of Relative Water Economy (PWRE; T a where RWE 5 1) was 11.3uC.
DISCUSSION
Our physiological measurements of the long-furred woolly mouse opossum conformed closely to data for other marsupials. This, together with a similar finding for the gracile mouse opossum ), suggests that South American marsupials do not have any particular physiological specializations despite their neotropical habitat and having been in sympatry with placental mammals for about 60 million years (Wroe and Archer 2006) . Thermolability and thermogenesis.-Long-furred woolley mouse opossums were thermolabile, with a reduction in T b at low T a , perhaps reflecting their poor insulation or high conductance or both (despite their common name). This thermolability results in considerable energetic savings of 15% (T a 5 25uC) to 36% (T a 5 11uC) compared to maintenance of a constant T b (assuming a Q 10 of 2.5- Guppy and Withers, 1999) . Although traditionally associated with cold climates, heterothermia is an important physiological strategy even for tropical species, with other marsupials (Bozinovic et al. 2005; Grant and TempleSmith 1987; Morrison and McNab 1962) , birds (MerolaZwartjes and Ligon 2000), bats (Bartels et al. 1998; Kelm and von Helversen 2007; Turbill et al. 2003) , and primates (Dausmann et al. 2004 (Dausmann et al. , 2005 from tropical regions using heterothermia to balance their energy budget. The ability to reduce energy expenditure by thermolability is a considerable advantage when thermoregulatory costs are high, even in a relatively warm and productive environment.
We consider that the highest T a (30.5uC) that we measured for woolly mouse opossums is within the thermoneutral zone. The linear nature of the relationship between MR and T a , including T a 5 30.5uC, suggests that BMR does not occur at a lower T a (i.e., at T a between 25uC and 30.5uC) because the relationship would become nonlinear at T a 5 30.5uC if this was above the thermoneutral zone. At T a 5 30.5uC, C wet and C dry were increasing more rapidly than at lower T a s, and EWL Despite their thermolability, long-furred woolly mouse opossums maintained a substantial thermal gradient between T b and T a , using increased metabolic heat production at low T a and increased EWL (thus evaporative heat loss) at higher T a to regulate this temperature differential. To accommodate the thermoregulatory increase in _ V V O 2 at low T a , the opossums increased V I rather than E O 2 . This is typical of marsupials (Chappell and Dawson 1994; Cooper and Withers 2004; Dawson et al. 2000; Larcombe 2002) , and mammals in general (e.g., Chappell 1985 Chappell , 1992 Withers et al. 1979) . Generally, E O 2 is already maximal at the lower limits of thermoneutrality, and therefore there is little scope to meet the increased O 2 demand by increasing E O 2 . Rather, this must be achieved by increasing V I , which in turn can be achieved by increasing f R , V T , or both. Whether f R or V T increases more to accommodate a thermoregulatory increase in _ V V O 2 generally is related to body mass (Chappell and Dawson 1994; Larcombe 2002) . Larger marsupials increase V T , whereas smaller marsupials increase f R . The woolly mouse opossum used a combination, with f R increasing 2.5-fold and V T increasing 1.6-fold at T a 5 11.0uC compared to T a 5 30.5uC. The DV T /Df R ratio of the woolly opossum conforms well to the allometric relationship of Cooper and Withers (2004;  note their error in equation and figure 2 y axis, which should read DV T /Df R ), being 116% of expected. The woolly mouse opossum conformed to all allometric relationships for ventilatory physiology, and its E O 2 was well within the range for other marsupials. This is consistent with its conformity to the marsupial BMR allometric relationship. Because the driving force for ventilation is the accommodation of demand for gas exchange, a typical O 2 consumption should be associated with typical ventilatory parameters.
Allometry. Withers et al. 2006 ), we found a highly significant allometric effect on all physiological variables for marsupials except E O 2 . The addition of 9 (EWL) to 20 (T b and BMR) new measurements to the marsupial data set of Withers et al. (2006) did not significantly reduce the variability of these allometric relationships before (F-test; T b , P 5 0.174; BMR, P 5 0.494; C wet , P 5 0.393; EWL, P 5 0.267) or after (F-test; T b , P 5 0.174; BMR, P 5 0.759; C wet , P 5 0.703; EWL, P 5 0.520) phylogenetic analysis, although all F-values were .1 for conventional analyses (i.e., the additional species decreased the residual variability), but ,1 for all phylogenetically independent analyses except T b (i.e., the additional species increased the residual variability). These allometric relationships are already so robust that a larger number of additional data points would be required to further improve statistical significance.
Water economy.-The PRWE can be considered an index of an adaptation to habitat aridity, being higher for arid-zone species than for those from habitats with a ready availability of water (MacMillen 1990; MacMillen and Baudinette 1993; MacMillen and Hinds 1983) . The woolly mouse opossum is particularly interesting because its PRWE (11.3uC) is the lowest measured for a marsupial (although the stripe-faced dunnart [Sminthopsis macroura] did not attain a PRWE at T a 11.0uC -Cooper et al. 2005) . The gracile mouse opossum, which also has a neotropical distribution, has the 2nd-lowest measured PRWE for a marsupial, 12uC Schmidt et al. 2009; Cooper 2009a, 2009b) . A low PRWE may be expected for these neotropical species, but the PRWE also is confounded by body mass because it is inversely correlated with mass (Hinds and MacMillen 1986) . The woolly mouse opossum is the 2nd-largest marsupial for which published RWE data exist, so its PRWE is predicted to be low. Unfortunately, insufficient PRWE data are currently available for marsupials (N 5 6) to calculate a robust allometric relationship, and PRWE predicted by the model of Hinds and MacMillen (1986) for dasyurids is clearly too low (presumably due to measurements of EWL being too high- ). All marsupials measured to date, with the exception of the stripe-faced dunnart but including the 2 South American species, have a much higher PRWE than predicted for a dasyurid marsupial from Hinds and MacMillen (1986) and are equivalent to arid-zone granivorous birds and rodents (MacMillen and Baudinette 1993; MacMillen and Hinds 1983) . More RWE data are required for both Australian and South American marsupials to determine unequivocally if neotropical South American marsupials have a less-favorable water economy than Australian species, as currently indicated.
Ecological consequences.-Overall, the long-furred woolly mouse opossum conformed to other marsupials with respect to its general physiology, both with and without rendering data independent of phylogenetic history. Although McNab (1978) concluded that neotropical marsupials had higher BMRs than Australian marsupials, he more recently found no ordinal-level differences in BMRs of marsupials (McNab 2005) , and Ribeiro and Bicudo (2007) also concluded that South American marsupials do not differ from the general marsupial allometric relationship for BMR. Only the C wet of the woolly mouse opossum was considerably higher than predicted (185% of expected), although even this high a value could not be distinguished statistically from the marsupial allometric regression by 95% prediction limits . Thus, long-furred woolly and gracile mouse opossums can withstand the predatory and competitive influences of sympatry with placental mammals without physiological specializations. However, these and other extant marsupials that coexist with placental mammals in South America occupy a generalist, low-energy omnivorous niche, for which placental mammals may have similar physiological attributes McNab 1986 McNab , 2005 . Large marsupial carnivores and rodentlike marsupials of South America, with dietary niches associated with high rates of energy expenditure as in placental mammals (McNab 2008b) , declined in the Miocene (5-23 million years ago) presumably from competition with placental mammals and birds (Lessa and Fariña 1996; Marshall 1988; Patterson and Pascual 1968) , surviving only in Australia where they were isolated (at least until relatively recently) from placental competition. This suggests that perhaps low-metabolism marsupials do not compete well with high-metabolism placentals or birds in equivalent niches, and so marsupials have only survived in low-energy niches in the presence of placentals (e.g., in South America) or potentially high-energy niches in the absence of placental competitors (e.g., in Australia).
RESUMO
A fisiologia da cuíca Micoureus paraguayanus conforma-se com a de outros marsupiais. A temperatura corpórea na termoneutralidade foi de 33,3uC 6 0,3uC e a taxa metabólica basal foi de 0,760 6 0,074 ml O 2 g 21 h 21 . As cuicas foram termolábeis quando expostas a baixas temperatura ambientals, mas ainda mantiveram um diferencial considerável entre a temperatura corpórea e a ambiental, com um aumento na produção de calor metabólico a medida que a temperatura ambiental diminuía. Este aumento foi acomodado por um aumento no volume minuto, mediado por um aumento tanto na freqüência respiratória e no volume corrente á baixas temperaturas. A freqüência respiratória basal foi de 34,2 6 3,9 respirações/min e o volume corrente foi de 1,62 6 0,280 ml; o volume minuto correspondeu a 53 6 7 ml/min. A extração de oxigênio permaneceu constante em 13,3%. A condutância térmica úmida foi relativamente alta (0,338 6 0,091 ml O 2 g 21 h 21 uC
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; 185% do valor predito) mas ainda estatisticamente indistinguível da de outros marsupiais. A perda de água evaporativa variou positivamente com a temperatura ambiental; a perda de água evaporativa padrão foi de 2,03 6 0,21 mg H 2 O g 21 h 21 . O ponto de economia relativa de água foi de 11.0uC, o menor valor já documentado para um marsupial e simpatria com mamíferos placentários. Apesar dos resultados sugerirem que marsupiais claramente podem sobreviver em simpatria com placentários sem possuir nenhuma adaptação fisiológica especifica, esta habilidade pode ser restrita a espécies com nichos ecológicos generalistas e com baixa demanda de energia.
